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HigHligHts of tHe niosH HeAltH HAzARd evAluAtion
What NIOSH Did
We talked with management and union officials about the hot • working conditions.
We measured employees' exposure to the heat in the forming • department.
We interviewed forming department employees about their • work environment.
We reviewed injury and illness records. •
What NIOSH Found
Employees were not exposed to excessive heat at the time of the • NIOSH evaluation.
There is a chance for greater heat exposure during the hotter • summer months.
Some employees had heat-related symptoms on hot summer • days before the NIOSH evaluation.
Some employees said they were not trained on hot working • environment hazards.
No formal heat stress management program was in place. •
What Managers Can Do
Set up a preventive maintenance schedule for the man coolers • and swamp coolers.
Let employees take unscheduled breaks if they feel weak, • nauseated, excessively tired, confused, and/or irritable due to the heat. 
What Employees Can Do
Tell your supervisor if you feel weak, nauseated, excessively • fatigued, confused, and/or irritable due to the heat.
Drink plenty of fluids. •
Work with a buddy, and watch for signs and symptoms of • excessive heat exposure in one another.
In August 2003, NIOSH received a confidential employee request for an HHE at Owens-Illinois in Lapel, Indiana. The requestors were concerned about heat-related illnesses among employees exposed to the hot conditions in the forming department. In response to this request, NIOSH investigators visited the facility in September 2006. We conducted an opening conference with management and union representatives, a walk-through survey of the forming department, confidential medical interviews, a review of the Logs of Work-Related Injuries and Illnesses (OSHA's Form 300), and heat stress measurements in the forming department.
At the time of this NIOSH evaluation we found that workers in the forming department were not exposed to heat stress in excess of the NIOSH and ACGIH screening criteria. However, environmental temperatures may be warmer than those on the days of our evaluation, making it more likely that NIOSH and ACGIH heat stress screening criteria would be exceeded and that employees would be at increased risk for heat stress.
Interviews with forming department employees and a review of the Logs of Work-Related Injuries and Illnesses (OSHA's Form 300) found that some workers reported that they had developed heat strain symptoms during their shifts on hot summer days.
This report includes recommendations to help identify potential heat stress and strain risks and how to limit heat-related illnesses in hot end workers. These recommendations include creating a formal heat stress management program regarding heat acclimatization, continuing education for heat stress prevention, heat-related illness surveillance, environmental heat exposure monitoring, criteria for heat alerts, and preventive maintenance of man coolers and swamp coolers.
Environmental temperature measurements and work load assessments during this evaluation showed that workers in the forming department were not exposed to heat stress in excess of the occupational screening criteria. However, some employees reported developing heat strain symptoms during their shifts on hot summer days. We recommend the company create a formal heat stress management program. 
Process Description
Owens-Illinois manufactures glass containers for the beer, spirit, juice, and tea industries at the Lapel, Indiana, facility. This plant is approximately 100 years old, and employs approximately 200 production, packing, and shipping workers. Approximately 30 employees work in the forming department. Operations are continuous, with four crews (A, B, C, and D) working 8-hour shifts that rotate weekly, and a Z crew that works an 8-hour shift Monday through Friday.
In the hot end of the glass-making process, raw materials (cullet [recycled glass], sand, soda ash, and limestone) are melted together in a gas furnace at temperatures of 2,300°F to 2,800°F. The molten glass is cut into uniform gobs and sent to one of four individual section forming machines that force the molten gobs into a mold. The glass containers are then conditioned in an annealing lehr. The glass containers are then inspected and packaged for shipment to the customer. About 500 bottles are manufactured per minute on each of the four lines.
intRoduCtion (Continued)
Owens-Illinois uses various controls in the hot end of the plant during the hot summer months to reduce the risk of heat-related illness. These controls include fans which supply cooler air from the basement of the facility (man coolers), evaporative cooling fans (swamp coolers), sports drinks, two 25-minute worker rest breaks (plus additional breaks during the summer months at the discretion of management), and a review of heat safety during safety meetings or through posters. At the time of our evaluation no formalized programs were in place to determine when the controls should be implemented, nor was a formalized heat acclimatization program in place.
Assessment
We evaluated the heat stress conditions in the forming department by collecting WBGT measurements using four QUESTemp°36 instruments (Quest Technologies, Inc., Oconomowoc, Wisconsin). These monitors measure temperatures of 23°F-212°F and are accurate to within ± 0.9°F. In addition to temperature, the monitors measure relative humidity of 0%-100% and are accurate to within ± 5%. The WBGT index accounts for air velocity, temperature, humidity, and radiant heat and is a useful index of the environmental contribution to heat stress. WBGT is a function of dry bulb temperature (a standard measure of air temperature taken with a thermometer), natural wet bulb temperature (simulates the effects of evaporative cooling), and black globe temperature (estimates radiant [infrared] heat load). The WBGT monitors were placed around each of the four bottle forming machines, in the break room, and outside, and were allowed to equilibrate for a minimum of 15 minutes before being read. WBGT measurements and metabolic rate estimates are compared to those listed in the NIOSH REL ]. You can find a discussion of occupational exposure limits and health effects in Appendix A.
We estimated the metabolic rates for the workers using the NIOSH table, "Estimating metabolic heat production rates by task analysis" (Appendix B) ]. This method allows for specificity in rate estimation because it breaks the job into categories that account for body position and movement, type of work, and basal metabolism. The NIOSH values are based upon a standard body weight of 154 lbs, so a weight correction factor must be applied when workers weigh other than 154 lbs. Individual results vary depending on age, sex, fitness level, current health status, and body weight. Partly because of observer variability, estimates of metabolic rates may vary by ± 10%-15% ].
We conducted confidential employee interviews with all employees working in the forming department on the first and second shifts. The metabolic heat produced by forming department employees was estimated using NIOSH guidelines . Using this method, the average energy expenditure of a standard male worker (154 pounds with a body surface of 19.4 square feet) was calculated
Results And disCussion Results And disCussion (Continued) to produce approximately 186 kcal/hour, corresponding to a light workload rate. The WBGT results and metabolic rate estimates for a standard male were then compared to those listed in the NIOSH RELs to determine a work/rest schedule ]. This comparison yields a recommendation of continuous work for acclimatized and unacclimatized workers when environmental conditions are similar to those on the day we evaluated.
The metabolic rate estimates were also assigned a light workload category and compared to the ACGIH screening criteria [ACGIH 2006] . The ACGIH screening criteria for heat stress also provides recommendations on work/rest schedules according to WBGT temperatures measured in the work areas. These criteria also suggest a continuous work schedule for acclimatized workers with light workloads in environments with a WBGT between 81.5°F and 83.3°F, which is similar to temperatures measured in the forming department at the time of our visit. Both the NIOSH REL and ACGIH TLV assume a normal work/rest regimen of a 5-day workweek and an 8-hour workday with short morning and afternoon breaks (approximately 15 minutes each) and a longer lunch break (approximately 30 minutes).
These metabolic heat rate estimates reflect work/rest regimens that would be applicable had the employees rested in the same temperature as the work environment and were tending to the forming machine for the entire hour. However, this may not be the case for all employees. Some employees were observed performing maintenance work that may be classified as a moderate or high workload. It is important to remember that the NIOSH RELs were calculated for a standard worker, these work/rest regimens vary from employee to employee, and an hourly estimate of metabolic heat rate and WBGT provides a more accurate recommendation for work/rest regimens.
On September 13, 2006, we interviewed all 18 forming department employees working first and second shifts. The average age of the workers was 45 years (range: 21 to 60 years) and the average number of years worked in the hot end of the plant was 20 years (range: 3 months to 35 years). None of the 18 workers reported consulting a medical provider for a heat-related illness. During the 3 months prior to the site visit, two employees reported having
Results And disCussion (Continued) experienced heat-related symptoms on a hot day during their shift (one experiencing an episode of heart racing and lack of sweating, the other experiencing persistent headache). One employee reported having experienced symptoms consistent with heat exhaustion in the summer of 2005, and going outside to cool off. Another employee reported having experienced heat exhaustion during his shift in the summer of 2004, going home, and was off work for 2-3 days. Neither employee sought medical care. Two additional employees experienced heat-related cramping and nausea at work 15 and 27 years ago, but not recently.
Ten of the 18 interviewed employees had no problems with the heat in the hot end. Employees reported that when the weather gets hot, the company generally provides electrolyte-containing fluids and heat breaks for employees. However, some workers mentioned that because of the lack of company guidelines to trigger heat stress prevention procedures, employees have to ask that these procedures be initiated. Employees reported that the swamp coolers, while more effective than the man coolers, were not well maintained and some were not functional.
When asked about heat stress training, employees gave a wide range of answers. New employees reported watching a 3-hour safety training video that included heat stress prevention information.
Other employees reported getting heat stress information from the senior employees as part of their on-the-job training. Others reported having no heat stress training.
A few workers reported that lack of sufficient staffing on second shift (4 p.m.-12 midnight) during the summer months or when machines were changed to a different product, led to fewer breaks. Additionally, employees mentioned that new hot end employees typically started in June and were not given enough time to acclimatize to the heat, resulting in some quitting the job. Although environmental temperature measurements and workload assessments on the day of the NIOSH evaluation showed that workers in the forming department were not exposed to heat stress in excess of the occupational screening criteria, some interviewed workers reported that they had developed heat strain symptoms during their shifts on previous hot summer days; one reported missing days of work due to heat exhaustion.
Environmental temperatures may be warmer than those on the days of the NIOSH evaluation [NOAA 2004 ]. During periods of higher temperatures, NIOSH and ACGIH screening criteria are more likely to be exceeded, thereby raising the potential for heat stress and strain among employees. Employee reports of heat strain symptoms on previous hot days confirm that this is a potential hazard at this facility.
The following recommendations help identify potential heat stress and strain risks and how to limit heat-related illnesses in hot end workers.
Place the fans that supply 1.
cooler air from the basement of the facility (man coolers) and the evaporative cooling fans (swamp coolers) on a preventive maintenance schedule to ensure they are operational throughout the summer months.
Develop a heat-acclimatiza 2.
tion program to decrease the risk of heat-related disorders. Such a program involves exposing workers to hot work environments for progressively longer periods. NIOSH recommends that workers who have had previous experience in jobs where heat levels are high enough to produce heat stress (CBT and heart rate increase, but do not exceed recommended levels) should work in the environment 50% of the shift on day one, 60% on day two, 80% on day three and 100% on day four. New employees who will be similarly exposed should start with 20% on day one, with a 20% increase in exposure each additional day ]. The duration of exposure required for full acclimatization is highly variable between individuals, and some workers may be able to work a full shift before
ConClusions ReCommendAtions
ReCommendAtions (Continued) this process is completed. The body's acclimatization will continue to improve each day in that environment for up to 3 weeks.
Develop continuing education programs to ensure that all 3. employees potentially exposed to hot environments and physically demanding job activities stay current on heat stress and heat stress prevention information. Employees working in the hot end area should have continuing education at least yearly. An effective heat stress training program should include at least the following components:
Knowledge of the hazards of heat stress includes establishing and maintaining accurate records of any heat-related disorder events and noting the environmental and work conditions at the time of disorder. Such events may include repeated accidents, episodes of heat-related disorders, or frequent health-related absences. Job-specific clustering of specific events or illnesses should be followed up by environmental and personal monitoring and medical evaluations.
Ensure that employees stay hydrated and do not lose more 7. than 1.5% body weight during their shift. Always provide cool (50°F-60°F) water or any cool liquid (except alcohol and
ReCommendAtions (Continued)
caffeinated beverages) and encourage employees to drink small amounts frequently, e.g., one cup every 20 minutes. Drinking from individual containers improves water intake over the use of drinking fountains. Although some commercial drinks contain salt, this is not a necessary requirement because most people add enough salt to their diets to accommodate working in this environment.
Create a buddy system so that employees can monitor each 8.
other for symptoms of heat disorders. A buddy system will help to ensure that each buddy has had enough water and food and is feeling well enough to continue. If a coworker appears to be disoriented or confused, or suffers inexplicable irritability, malaise, or flu-like symptoms, the employee should be removed for rest in a cool location with rapidly circulating air and kept under skilled observation. Immediate emergency care is necessary if sweating stops and the skin becomes hot and dry.
Allow employees to take unscheduled breaks if they report 9.
feeling weak, nauseated, excessively fatigued, confused, and/or irritable during hot temperatures. These heat strain symptoms, and any other signs of heat overexposure, should be reported by employees to their supervisor for investigation and follow-up.
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RefeRenCes
In evaluating the hazards posed by workplace exposures, NIOSH investigators use both mandatory (legally enforceable) and recommended OELs for chemical, physical, and biological agents as a guide for making recommendations. OELs have been developed by Federal agencies and safety and health organizations to prevent the occurrence of adverse health effects from workplace exposures. Generally, OELs suggest levels of exposure to which most workers may be exposed up to 10 hours per day, 40 hours per week for a working lifetime without experiencing adverse health effects. However, not all workers will be protected from adverse health effects even if their exposures are maintained below these levels. A small percentage may experience adverse health effects because of individual susceptibility, a pre-existing medical condition, and/or a hypersensitivity (allergy). In addition, some hazardous substances may act in combination with other workplace exposures, the general environment, or with medications or personal habits of the worker to produce health effects even if the occupational exposures are controlled at the level set by the exposure limit. Also, some substances can be absorbed by direct contact with the skin and mucous membranes in addition to being inhaled, which contributes to the individual's overall exposure.
Most OELs are expressed as a TWA exposure. A TWA refers to the average exposure during a normal 8-to 10-hour workday. Some chemical substances and physical agents have recommended STEL or ceiling values where health effects are caused by exposures over a short-period. Unless otherwise noted, the STEL is a 15-minute TWA exposure that should not be exceeded at any time during a workday, and the ceiling limit is an exposure that should not be exceeded at any time.
In the U. (Continued) employers to make use of other OELs when making risk assessment and risk management decisions to best protect the health of their employees. NIOSH investigators also encourage the use of the traditional hierarchy of controls approach to eliminate or minimize identified workplace hazards. This includes, in order of preference, the use of: (1) substitution or elimination of the hazardous agent, (2) engineering controls (e.g., local exhaust ventilation, process enclosure, dilution ventilation), (3) administrative controls (e.g., limiting time of exposure, employee training, work practice changes, medical surveillance), and (4) personal protective equipment (e.g., respiratory protection, gloves, eye protection, hearing protection).
Heat Stress
NIOSH defines heat stress exposure as the sum of the heat generated in the body (metabolic heat) plus the heat gained from the environment (environmental heat) minus the heat lost from the body to the environment, primarily through evaporation. Many bodily responses to heat stress are desirable and beneficial because they help regulate internal temperature and, in situations of appropriate repeated exposure, help the body adapt (acclimatize) to the work environment. However, at some stage of heat stress, the body's compensatory measures cannot maintain internal body temperature at the level required for normal functioning. As a result, the risk of heat-induced illnesses, disorders, and accidents substantially increases. Increases in unsafe behavior, behavior that may lead to accidents, are also seen as the level of physical work of the job increases ].
Many heat stress guidelines have been developed to protect people against heat-related illnesses. The objective of any heat stress index is to prevent a person's CBT from rising excessively. The World Health Organization concluded that, "it is inadvisable for CBT to exceed 100.4°F or for oral temperature to exceed 99.5°F in prolonged daily exposure to heavy work and/or heat" [WHO 1969 ]. According to NIOSH, a CBT of 102.2°F should be considered reason to terminate exposure even when CBT is being monitored. This does not mean that a worker with a CBT exceeding those levels will necessarily experience adverse health effects; however, the number of unsafe acts increases as does the risk of developing heat stress illnesses ].
NIOSH recommends controlling total heat exposure so that unprotected healthy workers who are medically and physically fit for their required level of activity are wearing, at most, long-sleeved work shirts and trousers or equivalent, and are not exposed to metabolic and environmental heat combinations exceeding the applicable NIOSH criteria. These criteria state that most healthy employees who work in hot environments and are exposed to combinations of environmental and metabolic heat less than the NIOSH RALs for non-acclimatized workers (Appendix D, Figure 1 ) or the NIOSH RELs for acclimatized workers (Appendix D, Figure 2 ), should be able to tolerate total heat stress without substantially increasing their risk of incurring acute adverse health effects. Also, no employee should be exposed to metabolic and environmental heat combinations exceeding the applicable ceiling limits of Figures 1 or 2 without being provided with and properly using appropriate and adequate heat-protective clothing and equipment ].
Appendix d: : niosH-ReCommended HeAt-stRess AleRt And HeAt-stRess exposuRe limits The figures' curves indicate recommended work/rest regimens of external heat (measured as wetbulb globe temperatures) and internal (metabolic) heat. The 'C' curve is the Ceiling Limit, indicating that workers should not be exposed to such conditions without adequate heat-protective clothing and equipment.
